In the last decade, philosophy, neuroscience and psychology alike have paid increasing attention to the study of interpersonal affective touch, which refers to the emotional and motivational facets of tactile sensation. Some aspects of affective touch have been linked to a neurophysiologically specialised system, namely the C tactile (CT) system. While the role of this system for affiliation, social bonding and communication of emotions have been widely investigated, only recently researchers have started to focus on the potential role of interpersonal affective touch in acquiring awareness of the body as our own, i.e. as belonging to our psychological 'self'. We review and discuss recent developmental and adult findings, pointing to the central role of interpersonal affective touch in body awareness and social cognition in health and disorders. We propose that interpersonal affective touch, as an interoceptive modality invested of a social nature, can uniquely contribute to the ongoing debate in philosophy about the primacy of the relational nature of the minimal self.
Introduction
Our first sensorial experiences, which provide us with information about our own body and the surrounding environment arise in the womb. In these early sensory interactions, touch is possibly the first route by which the developing body receives inputs from the external world and gradually shapes one's body boundaries and its capabilities for action (e.g. Atkinson and Braddick 1982; Bernhardt 1987; Bremner et al. 2012 ). The skin is the largest of our sensory organs and wraps our entire body surface (Serino and Haggard 2010; Gallace and Spence 2014) ; hence, evidence suggests that touch might play a pivotal role in developing a sense of self as separate from the other (see Field 2010 for a review). Somewhat paradoxically, touch is also our most social sense since it is fundamentally involved in how we explore the environment and engage in successful interactions (Gallace 2012; Ebisch et al. 2014; Gallace and Spence 2014) , as well as how we bond with other people and form interpersonal attachments.
In the last decade, philosophy, neuroscience and psychology alike have paid increasing attention to the study of emotional and motivational aspects of touch, which has been referred to as affective touch (see McGlone et al. 2014 , for a review). Such slow, gentle touch has generated renowned interest in the scientific community, being the topic of neurophysiological and behavioural investigations. This research supports the existence of a specialised tactile system for interpersonal affective touch (i.e. the CT system; see Sect. 2) that has been shown to play a pivotal role in social development (Fairhurst et al. 2014; Tuulari et al. 2017 ) and might promote normal cognitive functioning at the early stages of development (see Walker and McGlone 2013 for a review). The communicative power of a caress and the wellbeing derived by a hug are examples of the sociality of touch, and research has widely discussed the effects of affective tactile contact with others in shaping the dynamics of affiliative behaviour Gallace and Spence 2014; von Mohr et al. 2017) , such as influencing people's social behaviours (e.g. the "Midas touch effect", Crusco and Wetzel 1984; Levav and Argo 2010) , and communicating and regulating emotions (Hertenstein et al. 2006) .
While the characteristics and role of the interpersonal affective touch system for affiliative behaviours, such as social bonding and communication of emotions has been widely described and discussed in recent research (see Olausson et al. 2002; Löken et al. 2009; Morrison et al. 2010; Walker and McGlone 2013 , for reviews), less is known about the potential role of this type of touch on the development of our sense of self. Bodily self-awareness, that is the ability to sense and recognise our body as our own, results from the dynamic interplay between signals arising from both (a) outside the body recruiting sensory modalities such as vision and audition (Blanke and Metzinger 2009); inside the body, by giving information about the movement and location of the body in the space (e.g. proprioceptive, vestibular and kinaesthetic input) and the perception of its physiological condition (Craig 2010; Critchley et al. 2004) . While traditionally philosophy has focused on external senses, recent accounts have re-conceptualised affective touch as a modality providing information about the internal states of the body. This channel is referred to as interoception (Craig 2002 (Craig , 2008 , which can be defined as a variety of visceral signals providing information about the subjective feelings and needs of the body. Interoception contributes to the human capability to maintain optimal physiological balance and has an important role in establishing awareness of ourselves as feeling entities (the so called 'sentient self') at any given time (Craig 2003; Craig 2009 ).
In the wake of these recent conceptualisations, here we review experimental and clinical evidence supporting the importance of interpersonal affective touch to the way we recognise and make sense of our body as our own. In particular, we focus on the interoceptive facet of affective touch (i.e. subjective bodily pleasure) and its importance-both independently and in relation to exteroceptive informationto the development of body representation. We conclude by proposing that affective touch constitutes a fundamental aspect of bodily self-consciousness (Blanke 2012; Dijkerman 2015) from the very first stages of human life.
Discriminative and Affective Touch
Perceptual awareness is tacitly considered the fundamental point of contact of an experiencing subject with the external environment and as such it provides the primary basis on which beliefs, concepts and higher-order knowledge may be formed later in life. If this is so, then one basic yet overlooked aspect is that it is touch which provides us with the most basic way to "meet" the world (Ciaunica and Fotopoulou 2017) . Growing behavioural and neurobiological evidence supports the centrality of interpersonal touch for social-emotional understanding. Considering its privileged role, several accounts have put forward a neurophysiological distinction of the touch system. Firstly, a discriminative/ exteroceptive modality activates the classical primary and secondary somatosensory cortices and it is mainly involved in rapidly identifying the physical characteristics of a stimulus on the skin (e.g. weight and texture) in order to respond promptly (Penfield and Boldrey 1937; Trulsson et al. 2001; McGlone et al. 2002) . Secondly, a slower affective/interoceptive modality is thought to be responsible for the affective states which can be derived from tactile stimulation (Björns-dotter et al. 2009; Craig 2002; Olausson et al. 2002) . This paper will specifically focus on the latter one.
Over the last few decades, research has supported the hypothesis that CT afferents, that is nerve fibers transmitting sensory information to the central nervous system, constitute a distinct anatomical and functional system, which may be specifically activated in response to slow, caress-like types of touch, providing distinctive pleasant sensations (Vallbo et al. 1999; Olausson et al. 2002; Löken et al. 2009 ). Studies conducted applying a neurophysiological method called microneurography (which allows recording of the activity of single peripheral nerves on the skin) have in fact shown activation of a group of nerve fibers, the C tactile (CT) afferents, when touch is applied at slow velocities and on the hairy skin of the body Vallbo et al. 1999) . Activation of these CT-fibers correlates linearly with the subjective report of pleasantness when stroked at velocities between 1 and 10 cm/s .
In addition, recent findings showed that CT afferents respond more vigorously to touch stimuli delivered at skin temperature compared to colder or warmer stimuli. This enhanced activation corresponds to higher pleasantness ratings reported in response to touch stimuli that are closer to skin temperature (Ackerley et al. 2014) . The Aβ and C tactile systems act in parallel when responding to cutaneous stimulation, however the latter one may specifically "pick out" a range of velocities likely to have social-affective relevance in order to provide further emotional processing .
The CT fibers are assumed to follow a specific pathway projecting directly to the posterior insular cortex. Functional imaging studies in humans indeed point to this cortical region as a primary target for CT fibers (Olausson et al. 2002; Björnsdotter et al. 2010; but see; Gazzola et al. 2012) . Further evidence comes from the study of two unique patients suffering from a neuropathy syndrome, which left intact only the CT afferents of the body (Sterman et al. 1980) . Functional magnetic resonance imaging (fMRI) of soft brush stroking on the hairy skin of these patients showed activation in the posterior insular cortex; in contrast, no activation in somatosensory cortices was recorded (Olausson et al. 2002) . Therefore, the posterior insula may support an early convergence of sensory and affective signals, whereby interoceptive information about the internal state of the body is progressively integrated with information from the exteroceptive senses (e.g. vision, audition, olfaction; Craig 2010; Craig 2009). There is evidence supporting the idea that the exteroceptive and interoceptive modalities interact and can influence each other; this integration of interoceptive/affective and exteroceptive/sensory information seems to be responsible for the awareness of our whole body at any given time, and the construction of the subjective experience of the self (Critchley et al. 2004; Craig 2008) . Such integration is crucial for the homeostasis of the body, but it may also contribute critically to the formation of coherent bodily representation, the sensory environment, and motivational conditions. Neuropsychological findings have provided support for the pivotal role of interoception in the sense of body ownership. Karnath and colleagues for example described patients who, following lesions involving the right insular cortex (a key area for the processing of interoceptive signals), showed disorders of body ownership and self-awareness (Karnath et al. 2005; Karnath and Baier 2010) . Recent behavioural studies on healthy individuals seem to further support this account, suggesting that the effect of slow, caress-like touch may have important clinical implications on body representation, and specifically on the way we become aware of our body as our own (Crucianelli et al. 2013 Lloyd et al. 2013; van Stralen et al. 2014) . For example, van Stralen et al. (2011) showed that affective touch might be key in the recovery process of body disownership (somatoparaphrenia). The authors reported the case of a patient who, following an ischemic stroke, showed remarkable improvements in recovering a sense of body ownership by caressing her arm (van Stralen et al. 2011) . Therefore, altogether these findings suggest that despite touch being applied to the external surface of the body, it seems to jointly impact both our exteroceptive and interoceptive bodily-self.
In line with Craig (2002) , here we support the re-definition of affective touch as an interoceptive modality, which provides information about the internal states of the body with the final aim of homeostatic regulation. This conceptualisation of affective touch has important implications for some potential functions of the mediating CT afferents system, including its developmental trajectories in health and disorders.
Into the Womb: An Early Developmental Perspective on Interpersonal Affective Touch
As mentioned earlier, touch plays a vital role in early social development. Not only is touch the first modality through which we communicate and interact with the surrounding environment, but most importantly, it is the initial modality through which others initially communicate with us, in early life. Touch is the earliest sensory modality to develop and to become functional prior to any other sensory modalities (e.g. Atkinson and Braddick 1982; Bernhardt 1987) . It has been thus hypothesised that interpersonal affective touch might represent the scaffolding through which the social brain develops, as the very first modality which enables us to distinguish our body from others and the environment (see McGlone et al. 2014 for a review).
To track the powerful effects of touch on human development, we need to start from the moment when we are body within a body, skin within a skin. In the womb, the fetus experiences continuous tactile stimulations by being rocked in amniotic fluid and perceiving touch through the mother's abdominal wall, to which the fetus typically respond by showing an increased activity (Field 2010 for review). Less than 6 weeks into the gestation, the embryo shows withdraw movements in response to light stroking of lips and nose (Montague 1978) . When the embryo is 9 weeks old, touch in the palms will cause the fingers to bend in a griplike movement; fingers and thumb will close at twelve fetal weeks (Montague 1978) . In vitro studies have shown that the human fetus responds to stroking from approximately 8.5 weeks (Hooker 1943 (Hooker , 1952 , and that contacts between twins in utero start by the same gestational age, with gentle inter-human contact preceding faster interactions (Arabin et al. 1996) . Interestingly, Castiello et al. (2010) recorded the presence of intentional movement between twins in utero from 14 gestational weeks, with slow types of movement specifically directed to the self and twin (compared to movements directed towards the uterine wall). As these tactile responses have been recorded at a developmental stage before specialized low-threshold mechanoreceptors have developed (Humphrey 1966) , it has been hypothesised that C fibers may support early bodily and social development (McGlone et al. 2014 ). The fetus is covered in fine hair (i.e. lanugo hairs) and it has been suggested that fetal movement in the amiotic fluid might directly stimulate CTs afferent, which are known to activate the hypothalamus and insular cortex, promoting an antistress effect via the release of oxytocin, and stimulating the fetal growth (Bystrova 2009 ).
Neuroimaging studies provide supporting evidence on the recruitment of CT afferents from prenatal development. Bartocci et al. (2006) focused on C-nociceptors in hairy skin (where CT afferents are abundant) and found bilateral activation of the somatosensory cortex in response to painful stimuli (which are partially mediated by the CT system) in preterm neonates (28-36 weeks of gestation) using near-infrared spectroscopy (NIRS). More recent studies indirectly suggested the involvement of CT afferents from the earliest developmental stages, by providing evidence of postnatal development of discriminative touch. Shibata et al. (2012) and Williams et al. (2015) respectively used NIRS and fMRI to demonstrate somatosensory cortex activation in response to discriminative touch in neonates. Additionally, two EEG/ERP studies (Rigato et al. 2014; Saby et al. 2015) have shown somatosensory evoked potential responses elicited by brief tactile stimulation after the first 6 months of life. Based on these findings, the perception of touch in the womb might be mainly (if not entirely) mediated by CT afferents (Bystrova 2009) .
While these studies might point towards the presence of an early neural and behavioural processing of touch, only recently research has started to directly investigate the specificity of interpersonal affective touch and its role in shaping social and cognitive development later on. Marx and Nagy (2015) measured fetal behavioural responses to maternal touch to the abdomen compared to maternal voice. Results showed that the fetus responded more vigorously to the external tactile stimulation compared to maternal voice, as measured by means of an increase in arm, head and mouth movements, and a decrease of arm crossing movements (Marx and Nagy 2015) . Gentle tactile stimulation on the fetus has been also shown to have longer term consequences. Wang and colleagues found that 3-month-old infants who had received regular slow tactile stimulation before birth showed significantly reduced negative mood while having a higher adaptability, approach, and persistence compared to age-matched infants who received less or no tactile stimulation (Wang et al. 2015) . The presence of these temperamental traits point towards long-term positive socio-emotional and cognitive developmental outcome (De Schipper et al. 2004; Veenstra et al. 2006; Gong et al. 2013) , suggesting that interpersonal affective touch might be key for establishing and developing self-regulation within the dyadic caregiver-infant interaction. Indeed, regular tactile stimulation could act by reducing mothers' negative emotions and anxiety, with the effect of lowering the level of cortisol in blood and amniotic fluid-thus calming the fetus directly (Baibazarova et al. 2013) . Therefore, through affective tactile stimulation, the caregiver might indirectly influence the physiological balance of the fetus, providing arguably the first interoceptive feedback that the infant could learn to selectively recognise and respond to once born. We turn to the discussion of this point now.
A Touch of Love: The Role of Interpersonal Affective Touch in Typical Development
The separation from the maternal body at birth can be considered as the first traumatic experience we have to face (the so-called "stress of being born"; Lagercrantz and Slotkin 1986). Self-regulation through touch becomes perhaps even more important after birth. Caregiver touch is essential for growth and development; it actively reduces infant stress by increasing positive affect (Stack and Muir 1992) by calming infants in pain and discomfort (Bellieni et al. 2007) . Maternal care and skin-to-skin contact allow to maintain, although in a different environment, proximity and connection with the maternal body (i.e. ''kangaroo care''; Ferber et al. 2008) . As newborns, humans continue to receive constant and sustained tactile stimulations whilst being cuddled and breastfed. Skin-to-skin contact at birth is a standard practice in many country, and it has been shown to promote successful breastfeeding and to improve developmental outcomes following preterm birth (e.g. Moore et al. 2016; Feldman et al. 2014) . As evidence of the pivotal role of interpersonal affective touch for early development, a recent ERP study with preterm neonates recorded the presence of stronger brain responses to light air puff on the palm of the hand after skin-to-skin human contact, such as breastfeeding and massage, compared to painful early experiences such as injections and tube insertions (Maitre et al. 2017 ). This evidence not only suggests the importance of interpersonal tactile exchanges in regular day-to-day interactions, but it also supports the potential role of affective touch in the clinical setting. Increasing clinical and experimental evidence points to the significance of maternal tactile interactions for the promotion of infants' mental and physical health (e.g. Peláez-Nogueras et al. 1997; Field 2002; Sharp et al. 2012; Maitre et al. 2017) . Through its communicative role, interpersonal tactile interactions have the power of conveying specific perceptions and feelings by varying for example its intensity, velocity or duration (Hertenstein 2002; Kirsch et al. 2017) . The communicative value of touch becomes crucial in the first stages of development, when dyadic interactions are essentially preverbal and the caregiver has to sense their infant's needs. In the context of attachment theory (Bowlby 1969) , studies support the facilitating role of touch in establishing the social bond between infant and caregivers (Ainsworth 1979; Weiss et al. 2000; Beebe et al. 2010) . Intuitively, the presence versus absence of touch can communicate the presence versus absence of the primary caregiver. Nevertheless, this line of research together with other studies on parent-infant interactions (e.g. Stack and Muir 1992; Stack et al. 1996; Feldman et al. 2002; Jean et al. 2014; Reece et al. 2016 ) suggest that it is not merely the availability of maternal touch that affects infant behaviour, but importantly the quality of the touch itself. In general, a vast amount of research has demonstrated that light massage has beneficial effect on a number of different outcome measures, known to relate to the infant's well-being (see Underdown et al. 2006 , for a review). More specifically, Stack et al. (1996) found that mothers employ different types of touch in order to elicit a specific behavioural response in the infant (e.g. high levels of tickling and lifting, and low levels of holding in order to elicit infants' smiling). These findings suggest that infants may become sensitive to precise characteristics of their mother's touch (Stack and Muir 1992) .
Increasing evidence supports the idea that mothers might use touch in order to emotionally regulate their infant (e.g. Hertenstein and Compos 2001) . Maternal soothing techniques in the first months of life strongly rely on tactile strategies, such as holding and rocking (Kopp 1989) , which has been shown to effectively reduce infant distress and regulate affect in 2-month-old infants (Jahromi et al. 2004 ). Additional evidence of the role of maternal touch on emotion regulation comes from a study by Hertenstein and Compos (2001) , which showed that specific qualities of tactile stimulation provided by the mother (in the sense of negative/tense and positive/relaxed fingers grip) in a given context can elicit an appropriate emotion or affect in 12-month-old infants.
Altogether these behavioural studies indicate that it is the caregivers' ability to promptly and contingently respond to their infants using affective displays ("maternal sensitivity", Ainsworth and Bell 1972-e.g. mirroring joy in response to a display of enthusiasm in the infant, Gergely and Watson 1999) that can crucially shape infants' development of emotion recognition and self-regulation. According to some developmental theories (e.g. Gergely et al. 2002; Meins et al. 2001) , the parental ability to recognise and contingently mirror their infant's mental needs creates a situation of parent-infant synchrony (Feldman et al. 1999 ), which in turn enables the infant to modulate her or his own affective states. Recently, Fotopoulou and Tsakiris 2017 put forward a proposal on 'embodied mentalization', whereby higher-order social cognitive abilities such as parental mentalization, are translated into specific 'physical' affect exchanges in parentinfant dyads. According to this account, embodied and primarily tactile interactions between infant and caregiver have a key role in shaping the 'minimal' development of body representation (Fotopoulou and Tsakiris 2017) . Evidence in support to this proposal come from a recent study, where we show that the maternal inability to understand and interpret the infant's needs and desires translates directly in nonattuned tactile interactions between mother and infant (Crucianelli et al. 2018) . Although the theory and the concept of 'embodied mentalization' escapes the scope of this review article, we want to similarly emphasize the unique role of interpersonal affective touch in affect regulation behaviours during parent-infant interactions, and its importance for the development of body representation.
How does touch, rather than other modalities like vision or taste, uniquely affect our sensitivity and appraisal of internal and external bodily signals, and thereby our social interactions? There are at least three aspects that mark out affective touch in comparison with other sensory modalities. What is special about interpersonal affective touch, in comparison to other sensory modalities such as gaze, is that it is inherently mutual, multisensory, and can inform the organism regarding the homeostatic state of the body.
(1) Mutual, because interpersonal touch (and the necessary physical contact it entails) is a modality that, in its embodied sense, is intrinsically shared and synchronous (Ciaunica and Fotopoulou 2017) . Indeed, we can look without been looked back but we cannot touch someone without being touched in return (Merleau-Ponty 1964) . (2) Multisensory, because by requiring physical proximity, touch is accompanied by a cascade of sensory feedback from other bodies, such as smell and vision. (3) Lastly, and of crucial importance here, interpersonal affective touch between an infant and a caregiver represents the basis of how infants progressively learn to regulate their own interoceptive states (the perception of the physiological state of the body) in relation to their exteroceptive states (the perception of the surrounding environment, derived from sensory cues) (Fotopoulou and Tsakiris 2017; see also; Atzil and Barrett 2017; Fonagy and Campbell 2017; Bolis and Schilbach 2017) . In support to this, a recent fMRI study by Tuulari et al. (2017) has shown that gentle stroking in neonates activates socio-affective areas of the brain known to be involved in interoceptive processing, such as the insular cortex. Additionally, there are studies suggesting that gentle touch by the caregiver has a direct effect on infants' physiological arousal (Beebe and Lachmann 1998; Rothbart et al. 1992) . For example, identifying touch that is more calming is important to foster emotion regulation in infancy, which has important developmental implications (Lowe et al. 2016) . Fairhurst et al. (2014) investigated the perception of affective pleasant touch in 9-month-old infants by examining physiological arousal and behavioural engagement in response to touch delivered at different velocities. This study showed that sensitivity to slow, CT-optimal touch led to heart rate deceleration and increased engagement, supporting the idea that this type of touch might play a pivotal role in the regulation of physiological arousal and in influencing early social interactions.
Taken together, this evidence supports the idea that human beings are able to distinguish different facets of tactile interactions from a very early stage of life. As mentioned earlier, interpersonal affective touch functions as both an interoceptive and exteroceptive channel and thus it can provide information both about the external world and our internal states, shaping the perception of the other as well as the self. For example, a fabric touching my skin can elicit an internal pleasant feeling and simultaneously convey information about the 'toucher' and their role in this specific interaction, as well as about myself (my boundaries and my subjective feeling at this given time). We propose that, frequent tactile experiences soon after birth allow us to refine our sophisticated sensitivity to interpersonal touch, which might play a pivotal role in the development of self-other distinction, with potentially significant consequences on the way we establish and maintain successful social interactions.
So far, we have stressed the importance of early life experiences on the way, even before being born, infants can learn to respond to changes in the physiological condition of their body via 'embodied proximal interactions' with the caregiver (Fotopoulou and Tsakiris 2017) . Importantly, sustained, continuous lack of touch stimulation or impaired sensitivity to affective touch might lead to the atypical subjective experience of interpersonal touch, with potential repercussion on the infant's interoceptive and exteroceptive bodily states, and thereby to their cognitive, emotional and social development. Given that touch is the fundamental point of contact between the self and the external world, any experience of interpersonal affective touch is strongly context dependent. For example, certain tactile interactions can also be perceived as inappropriate on the basis of situational variables. The next session will focus on the link between reduced sensory responsiveness to affective touch, and social and self-awareness.
Atypical Experience of Touch

Impoverished or Unbalanced Interpersonal Affective Tactile Experiences
Developmental research has shown how early atypical exposure to interpersonal touch can negatively influence infant development (Field 2010 for a review). Among this work, postnatal depression has been extensively shown to impact the quality of mother-infant interaction (Herrera et al. 2004) , by influencing the extent to which and how mothers engage in tactile behaviours with their infants. For example, Malphurs et al. (1996) investigated the relation between maternal depression and their tactile interaction with their 6 months-old infants. Mothers with depressive symptoms in this study used touch more often compared to the control group, however the type of touch used was classified as negative, with more instances of rough tickling, poking, and pulling compared to mothers without depressive symptoms. Additionally, other studies have shown that mothers with postnatal depression, in comparison with non-depressed mothers, tend to lift their infants more in order to restrain and control their behaviours and attract their attention, suggesting the presence of intrusive interactions Herrera et al. 2004 ).
Research has also focused on the infant behavioural consequences in response to maternal depression. For example, Moszkowski et al. (2009) have found that 6-and 10-month-old infants of depressed mothers engage in self-touching behaviours, such as thumb-sucking, to a greater extent compared to infants of non-depressed mothers. These infants also seem to use more active types of touching (i.e. grabbing) in response to stressful situations, as a soothing strategy (Moszkowski et al. 2009 ). Infants' response to mothers' depressive mood can be considered an important predictor of children's future development (Tronick and Gianino 1986; Murray and Cooper 1997) . In fact, the use of comforting behaviour in these infants might represent a self-regulatory strategy to compensate for the lack of positive touch from their primary caregiver, highlighting the primordial need of these tactile interactions from the earliest stages of life. What these studies suggest is that postnatal depression seems to have a strong impact on touch behaviour, as well as on the maternal affective response to the infants' developmental needs and regulatory signals (Tronick and Gianino 1986; Herrera et al. 2004) . Most importantly, these findings support the idea that despite touch behaviour in these mothers follows within the 'standard' level, it is its qualitative value that seem to be crucial in predicting infants' self-regulation and socio-affective development.
The dramatic lack of interpersonal affective touch experienced in some extreme situations, such as institutional care, represent another example of the consequences that an impairment in early interpersonal interactions can have on the development of both physical and mental health. Institutional care has been associated with delays in cognitive and neuro-development (Chugani et al. 2001; MacLean 2003; Nelson et al. 2007; Field 2010) . Most importantly, these developmental delays and the subsequent cognitive and behavioural deficits seem to persist for many years after adoption (Beckett et al. 2006) , highlighting the long-term behavioural, emotional, and cognitive consequences associated with impairments in critical periods of early interpersonal tactile interactions. Considering the role of the CT-system in establishing interoceptive and exteroceptive body representation, it is plausible that these infants and children might experience long-term difficulties in the way they perceive sensory information deriving from the world and the way they detect and appraise changes in the physiological state of their body. It could be argued that a lack of interpersonal affective touch in critical periods of development could lead to hyper-or hypo-sensitivity to these signals, thereby influencing subsequent emotional and social behaviour.
Impaired Perception of Affective Interpersonal Touch
The second type of atypical experiences of interpersonal touch we mentioned at the beginning of this section are the ones associated with distorted sensory responsiveness to the gentle, slow touch that usually activates the CT system. Focusing on specific clinical populations which have been shown to have a reduced perception of interpersonal affective touch (i.e. reduced subjective pleasantness compared to age-matched healthy controls) offers the unique opportunity to better understand the functions of this specialised tactile system, as well as the causal links and consequences associated with its failure. While individual differences in the way we respond to social touch on our daily interactions are common (Voos et al. 2012 ), neuroimaging and behavioural research studies have recently reported impaired perception of interpersonal touch in individuals with Autism Spectrum Disorder (ASD). ASD is a developmental disorder, characterised by impairments in social interaction and communication, and repetitive and restricted behaviours (American Psychiatric Association 2013). Individuals that score high on autistic traits have a lower preference for social touch (Voos et al. 2012) and they show reduced activation to CT-optimal touch in brain areas known to specifically respond to this type of touch (i.e. superior temporal sulcus, STS, and orbitofrontal cortex, OFC) (Voos et al. 2012; Bennett et al. 2013) , as well as somatosensory areas (Cascio et al. 2012 (Cascio et al. , 2015 .
Interestingly, Cascio et al. (2012) also noted that individuals with ASD showed a hyper-responsiveness to unpleasant tactile stimuli in these same areas, suggesting the presence of a pattern of imbalanced sensory responsiveness compared to the healthy control group. This altered subjective response to tactile stimuli is inherently embedded to the development of embodied interactions, and thereby to the ability to regulate changes in visceral states.
The cortical brain regions that respond to CT-afferents are also known to support social cognitive functions. Considering that social abilities are typically disrupted in ASD, evidence that common brain areas support both social cognition and CT-optimal touch highlights the presence of a potential link between this system and ASD (Kaiser et al. 2010) . In line with this idea, McGlone et al. (2014) propose that a failure of the CT system to develop could have a significant impact on brain development, facilitating, for instance, the expression of ASD (McGlone et al. 2014 ). This association is also supported by findings showing that responses to touch in early social interactions may provide an important cue for identifying children at greater risk for social impairments related to autism spectrum behaviours (Mammen et al. 2015 (Mammen et al. , 2016 . In line with this hypothesis, in a recent study, Kaiser et al. (2015) reported that children and adolescents with ASD show a reduced activation in response to gentle CT-touch over brain areas involved in social information processing, suggesting again a potential dysfunction in neurobehavioural social development and its link with critical periods of tactile experiences early in life. Nevertheless, the direct causal link between CT-system, body representation, social brain function, and the emergence of autistic traits is still unclear. While it is tempting to hypothesise the presence of a dysfunction of the CT-system at the emergence of this condition (Cascio 2010; McGlone et al. 2014) , with repercussions in the subsequent emotional, affective, and social development, at present no studies have shown a CT-optimal touch failure specificity in ASD.
Autism is not the only disorder characterised by dysfunctional sensory responsiveness to CT-optimal touch. Recent findings suggest that patients with Anorexia Nervosa show a reduced perception of interpersonal affective touch (in terms of subjective pleasantness) compared to healthy controls (Crucianelli et al. 2016) .
Anorexia Nervosa (AN) is an eating disorder of unknown aetiology, characterised by restricting eating, a pursuit of thinness, irrespective of actual body mass index, and obsessive fears of becoming fat (American Psychiatric Association 2013; Wagner et al. 2007) . Disturbances in body representation and awareness are also a core feature in AN. Given these clinical traits, recent years have seen an increasing attention in the study of body representation in AN by means of multisensory paradigms. For example, Eshkevari et al. (2012) found that AN patients are more susceptible to bodily illusions compared to healthy controls, suggesting that there may be an increased sensitivity for visual aspects of body perception in AN patients. These findings seem to suggest that bodily representation is highly malleable in AN or to use Legrand (2010) words, it is "dis-integrated", in the sense that eating disorders are not only characterized by over-objectification of their physical body but also by weakened body-ownership (Legrand 2010) . Interestingly however, no studies in AN have accounted for the role of interoception in the construction of the bodily self. As discussed above, modalities such as affective touch challenge any rigid distinction between 'internal' and 'external' sensations. A recent study investigated the idea that AN patients may present reduced bodily pleasure, by examining the perception of pleasant touch in AN and healthy controls. Results showed that AN participants rated the pleasantness of the perceived touch as lower in both slow and fast velocities compared to healthy controls. This suggests a generally reduced bodily pleasure in AN subjects and a potentially dysfunctional CT afferents system, or an abnormal cognitive regulation of this system (Crucianelli et al. 2016) . Nevertheless, pleasant ratings were influenced by social manipulations in similar fashion in AN patients and controls. Thus, these results indicate that perception of affective touch, rather than its social modulation may be affected in AN. This finding is in line with both the more general anhedonia observed in this population (i.e. inability to seek and enjoy pleasurable experiences) (Friederich et al. 2006; Kaye 2008; Soussignan et al. 2011; Tchanturia et al. 2012; Wagner et al. 2007) and the interoceptive impairment which also pervades other modalities, such as hunger and physical pain (e.g., Strigo et al. 2013) , and a reduced capacity to accurately perceive one's heartbeat (Pollatos et al. 2008) .
The evidence of a disordered perception of interpersonal affective touch in AN provides an important contribution because this clinical population is characterised by body image distortions which persist even after recovery, and might represent a risk factor for future relapses. Hence, we can hypothesise a link between the perception of affective touch, social anhedonia and distortion of body representation. In addition, patients with AN show a remarkable improvement in symptomatology after combining their standard therapy with massage therapy (Hart et al. 2001) . Massage therapy seems to lower stress, depressed mood and anxiety level, as well as body dissatisfaction and eating disorders symptomatology, suggesting that this approach combined to standard care may be effective in specifically addressing body image issues in eating disorders (Hart et al. 2001; Field et al. 1996) .
Conclusions and Future Directions
Over the last decade, investigation on the sense of touch has received increased interest by the scientific research community (Gillmeister et al. 2017 ). Specifically, empirical research on interpersonal affective touch has highlighted the importance of this modality for socio-emotional and physical development. Similarly, theoretical and philosophical approaches have focused on the key role played by touch for the development of the self (Ciaunica and Fotopoulou 2017) . In this article, we have reviewed a significant body of work suggesting the need to conceptualise interpersonal affective touch as a fundamental selfregulatory and social component of the developing body. Firstly, we have described the developmental trajectories that interpersonal affective touch follows from the prenatal to the first developmental stages, which we believe represent the evolutionary scaffolding of body representation from within and from outside. The analysis of the earliest stages of tactile processing suggests that humans might have evolved to optimally respond to interpersonal affective touch. Indeed, this type of touch is also the one that we naturally use when asked to actively touch our partner or child (Croy et al. 2016) , further supporting the idea that early tactile experiences might represent the scaffolding to self and other development. Tactile interactions that involve affective touch are thus fundamental in critical periods of development, when the infant is learning to respond to changes in their physiological balance as well as in the external environment. Through appropriate and prompt tactile exchanges the infant might learn to successfully regulate their internal and external bodily signals. From within, slow, gentle touch can provide feedback to physiological arousal states, shaping emotion-regulatory abilities. From outside, through the caregiver's prompt and appropriate response to the infant's cues, the infant learns to differentiate their body and thereby to establish successful social interactions.
Secondly, we have discussed the developmental consequences associated with touch deprivation in the first months of life and made the claim that severe reduction in interpersonal affective touch in these critical periods of development could have repercussions on the subsequent scaffolding of the sense of bodily-self and self-regulation, and thereby socio-emotional understanding. The research reviewed in this article is extremely important and timely. This work can help us to promote mental health from an early stage of life and to implement some protective actions that could reduce the negative consequences associated with unavailable or unbalanced interpersonal affective touch. For example, a study showed that depressed mothers who are encouraged to stroke their newborns during the first weeks of life, presented a reduced association between maternal depression and negative outcome later on in infancy (Sharp et al. 2012) .
We also argued that sensory hypo-responsiveness to affective touch in developmental disorders such as ASD and in disorders of eating behaviour such as AN, could be accounted for a CT afferent pathology (Cascio 2010; Crucianelli et al. 2016) , reinforcing the idea that critical brain regions support both the developing social brain and the functional development of the CT-system. Unfortunately, to our knowledge, no developmental studies have specifically focused on the role of interpersonal affective touch in the development of self-other differentiation, and its atypical trajectories. While the aforementioned research studies might tentatively suggest that a disrupted CT system may specifically account for atypical development of interoceptive and exteroceptive body representation and social cognitive abilities, future studies should experimentally address the interacting and interdependent neurobiological processes underpinning interpersonal affective touch, body representation, and social cognition from a developmental perspective.
In conclusion, through early proximal and embodied interactions with other bodies, affective touch may function as an experiential "glue" connecting the feeling of one's body from outside with the feeling of one's body from the inside. Infants' innate sensitivity to respond to affective touch, together with caregivers' ability to promptly and appropriately respond to the infants' cues are at the core of this gradual process of minimal self-awareness.
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